Today's economic challenges and the changing landscape of clinical genetics are forcing us to consider alternative ways of providing genetic services, to comply with budget limitations and at the same time meeting the demands of increasing patient numbers and patient-centered care delivery. Telegenetics could be an effective and efficient way of counseling, but its use in Europe is not widely reported, nor is there evidence of international collaboration. We conducted an online survey among 929 genetics professionals, to explore the current availability and use of different telegenetics modalities in Europe. Our questionnaire was completed by 104 clinically active European genetics professionals. Telephone genetic counseling was used by 17% of respondents. Videoconferencing facilities were available to 24%, but only 9% of them used these for patient counseling. Various barriers to availability and use were cited, ranging from practical constraints, lack of professional support/ knowledge, to lack of perceived suitability and need. The results show that telegenetics modalities are not currently in widespread use by our respondents, in part due to perceived barriers. To meet the changing economic, genetic, and societal circumstances, we recommend consideration of greater integration of telegenetics into regular clinical genetic care, to supplement existing care modalities. Professional cooperation, sharing knowledge, and establishing guidelines on a national and international level could contribute to successful and more widespread implementation of telegenetics. However, the perceived practical and regulatory barriers have to be overcome.
INTRODUCTION
Clinical genetic services are currently facing major challenges: budget limitations, increasing patient numbers, and more tests to communicate, result in ever greater pressure on time. Moreover, patient centeredness is playing an increasingly prominent role. The recent introduction of next-generation sequencing (NGS) techniques illustrates the challenges: NGS has great potential for diagnosing many more syndromic/heritable diseases than with conventional techniques, resulting in more patients being referred for genetic counseling and testing. Moreover, our limited or incomplete ability to interpret NGS results necessitates follow-up contacts. More efficient ways of genetic counseling that maintain high standards of care and facilitate shared decision making are therefore needed. Telemedicine could, in our view, be a mode to achieve this in a substantial part of referrals to clinical genetic centers.
Telemedicine is defined as remote health care to exchange medical information from one site to another via electronic communications to improve a patient's health (http://www.americantelemed.org/abouttelemedicine/what-is-telemedicine). It can be used both in communication between professionals and patients, and in communication between professionals about patients. Telemedicine modalities range from telephone consultation as the earliest or simplest form, to communication via a computer and webcam, to using a specialized portable workstation with attached devices to visualize and measure body parts and functions. A common goal of telemedicine applications throughout various medical disciplines is to provide an effective, efficient, and patient-friendly way of care. [1] [2] [3] Moreover, it can reach patients who are difficult to reach by conventional 'in-person' care methods, for example, due to large distances and traveling costs. 4, 5 Telemedicine has been introduced in various medical disciplines, including clinical genetics, where it has been referred to as telegenetics. The small number of existing reports on telegenetics in oncogenetics and prenatal and dysmorphologic consultations are mainly from outside Europe. Although there are a few UK reports, 6-8 the overall application in Europe is unknown. Reported patient experiences are very positive overall, while those of professionals are moderately positive, influenced to a large extent by technical imperfections. [6] [7] [8] [9] [10] [11] No formal international guidelines exist for when and how to use telegenetics in a responsible way. There are also no widespread European or worldwide collaborations on telegenetics, for exchange of knowledge to allow for quality improvement and responsible application of telegenetic modalities. In the United States, there is a national Telegenetics Workgroup to facilitate cooperation and exchange between various regional telegenetics initiatives.
It is conceivable that various local initiatives in Europe do exist, however, and face similar problems, barriers, and challenges, with local professionals trying to solve these by themselves. Given the generally experienced barriers on telemedicine on the one hand, and positive literature reports on telegenetics use on the other, we wanted to get an impression of the extent and types of telegenetics use throughout Europe and the barriers that are faced, and to aim for collaboration between different centers, as appropriate. To address this, we conducted an international survey among European Society of Human Genetics (ESHG) members to serve as a baseline upon which to superimpose improvements in telegenetics provision.
MATERIALS AND METHODS

Survey design
We composed an online survey in collaboration with the American Telegenetics Workgroup of the National Coordinating Center for the Regional Genetic and Newborn Screening Service Collaboratives (NCC). Our survey questions covered four outcome measures: (1) respondents' professional characteristics, (2) the availability and use of various telegenetics applications by the respondents, (3) reasons for non-availability or non-usage of videoconferencing applications at the respondents' departments, and (4) respondents' interests in telegenetics initiatives and/or collaboration. Design and dissemination of the survey were performed using the online software tool SurveyMonkey (www.surveymonkey.com; Palo Alto, CA, USA).
Survey distribution
All 929 members of the ESHG for whom the e-mail addresses were available for public use were invited to participate in the online survey between November 2012 and January 2013. The list of e-mail addresses was provided by the ESHG committee and contained no information about the members' professional backgrounds (eg, clinically active or not, working in health care or business). Within the time period, one reminder e-mail was sent to all available members.
Analysis
We excluded respondents from outside Europe and those who were not working in a clinical setting. Data were analyzed using SPSS statistics v22 (IBM Corporation, Armonk, NY, USA). As descriptive statistics we used mean (SD) and median/range, and n (%) for nominal and ordinal variables. We analyzed the outcomes on telemedicine availability and use for the whole group, and for different respondent groups based on the European region in which they were employed.
RESULTS
Respondents' characteristics
The survey was fully or partially completed by 121 ESHG members from 92 different institutions in 39 countries, comprising 108 European respondents from 30 different countries (Table 1) . We excluded the 13 non-European respondents (of whom one was not working in a clinical setting) and four European respondents who were not working in a clinical setting. This left 104 clinically working European respondents for further analysis. Of these, 65% were clinical geneticist, 16% genetic counselors, 12% laboratory specialists, and 7% had other clinical specialties ( Figure 1 ). Of these 104 respondents, 86% indicated they worked at a public hospital, while 14% worked in a private clinic. Their working experience ranged from 0 to 40 years (mean 18.6 years).
Availability and use of telegenetics applications
Of all the European respondents, 28% (n = 29; of which 17 clinical geneticists, 6 genetic counselors, 4 lab specialists, and 2 'other') indicated that they used at least one subtype of telegenetics. Most users were from northern Europe (41%; n = 12) and the smallest proportion was from eastern Europe (6.9%; n = 2). Telephone-only genetic counseling was the telemedicine subtype used by the largest number of respondents; 17% of respondents (n = 18). Figure 2 shows the geographical location of users. The extent of use varied among respondents from 1 to 25 counseling sessions to over 100 counseling sessions per year, for various indications. Few respondents used videoconferencing, and then most frequently through a telemedicine dedicated facility at their department. This modality was used by 9.6% (n = 10) of all respondents ( Figure 2 ) mostly from western European countries (7 of 10 respondents). The frequency of use ranged from 1-25 to 26-50 counseling sessions per respondent per year, for a range of different indications. For each telemedicine modality, we analyzed the relative frequencies of the different types of clinical interactions for which it was used ( Figure 3 ). Figure 3 shows that the telephone is most frequently used for genetic counseling, the office workstation and Non-European respondents (n = 13)
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a One respondent from each of these five countries was excluded from further analyses because of being not working in clinical practice.
dedicated facility are mostly used for 'outpatient evaluation and management' and 'inpatient evaluation and management' (including, for example, assessing children with mental retardation/multiple congenital anomalies, when admitted to the hospital, or visiting the outpatient department, respectively).
Availability and use of videoconferencing facilities
We investigated which part of respondents had videoconferencing facilities available for performance of patient consultations: 25% (n = 24 of 97, of whom 17 clinical geneticists and 4 genetic counselors) had such facilities available for use. These respondents originated from a wide range of countries (n = 12), most of them (n = 13; 54%) from western Europe. The most frequently indicated reasons for videoconferencing facilities not being available in respondents' departments were lack of money (n = 28; 38.4%), lack of reimbursement (n = 26; 35.6%), lack of interest by counselors (n = 23; 31.5%), and lack of need because of small geographical distances (n = 23; 28.8%), but a wide range of other reasons were also mentioned ( Figure 4a ). Where videoconferencing facilities were available, we analyzed the extent to which these facilities were actually used, and the reasons for non-usage. Only 8% (2 of 24) of these respondents actually made use of videoconferencing facilities in direct patient care (genetic counseling) rather than in supportive patient care (eg, multidisciplinary consultation or expert consultation; 10 of 24 (41.7% respondents)). The reasons given for not using the available facilities in direct patient care were mostly lack of need because of small distances (n = 10; 45.5%), and not having a patient population suitable for video conferencing (n = 6; 27.3%) (Figure 4b ).
Interest in telegenetics initiatives
Respondents were asked whether they would like to participate in a working group or attend a meeting on Telegenetics and 55% of respondents indicated their interest.
DISCUSSION
Our results suggest that clinical genetic services currently have limited availability and use of telemedicine, but also that many of our respondents are interested in learning more about it. Perhaps not surprisingly because of its well-established position in everyday life, the telephone is the most-used modality in direct patient care, used by 17% of respondents, mainly for genetic counseling. Videoconferencing facilities were used by a much smaller proportion, mostly in supportive professional activities and only rarely in direct patient care. Northern and western European respondents had greater availability and therefore more use of telegenetics modalities than those from eastern and southern Europe, although the numbers are too small to draw firm conclusions.
We were unable to determine the response rate of clinically active genetic professionals among the members who received our survey because the professional backgrounds of the non-responders were not known. It is possible our results were biased toward genetics professionals who are interested in telegenetics as they might be more likely to respond. This could mean that professionals' uptake rates of telegenetics are even lower than our survey suggests, but also that the telegenetics uptake rates at the institutional level are actually higher. However, we believe our survey does give a valuable snapshot of current practice in many European countries and clinical genetic institutions, from which we can conclude that there is room for expansion.
Besides providing value in direct patient care, telegenetics is also seen as a valuable tool in supportive patient care, both being in use by our respondents. Given the expanding discussion about 'mainstreaming' genetics, we believe that telegenetics could be a useful modality and improve genetics engagement by other medical specialisms. It can provide accessible and widely available contact options for multidisciplinary and peer consultation, as well as pre-and post-test online genetic counseling for patients from other medical specialists or general practitioners by trained genetic professionals. Finally, Telemedicine uptake by Genetics Professionals E Otten et al telegenetics could have an important role in recontacting former patients in light of new information from previous diagnostic testing. Using telegenetics to connect laboratories, counselors, patients, and other health-care professionals could facilitate more routine recontacting than currently takes place. 12, 13 We concluded three main points from our survey: First, the current availability and use of telegenetics is limited and could be extended, even without the purchase of new equipment, since there were discrepancies between availability and use. Second, as Figure 3 illustrates each different telegenetic modality is used for many types of activities even though respondents might have listed preferential use in particular situations. And third, cooperation, education, and finally practical guidelines might be helpful for successful telegenetics application. More widespread use of telemedicine in genetics might be presumed right now, but this seems not to be so. This snapshot of the current state of play and of the barriers professionals experience could be useful in planning future implementation.
Respondents indicated various barriers to greater current use, that could be divided into (1) lack of perceived suitability and need, (2) practical constraints (eg, lack of resources and supportive regulations), and (3) lack of professional support/knowledge. Because both the availability and use of videoconferencing by our respondents were still limited, and consequently most respondents lack experiences with telegenetics, it could be that the barriers they reported were perceived rather than real. This could, for example, be the case for the argument of having no suitable patient population: contrary to the perceptions of respondents, telemedicine is, in our experience, particularly suited to clinical genetics because for many patients, especially in oncogenetics, cardiogenetics, and neurogenetics, the consultation consists largely of communication, rather than requiring technical aids or physical examination. However, online genetic consultation does not preclude examination-dysmorphologic evaluation, among other genetic applications, has been reported as successful. [14] [15] [16] [17] Another reason mentioned by respondents for not using telemedicine facilities is because they did not perceive a need. This could reflect current adequate coverage of their own referral patch by in-person care, or indeed that there is a perception that in-person counseling is the gold standard, and telemedicine should only be applied when inperson counseling is not possible. This aspect needs further exploration. We consider telegenetics holds potential in terms of improving patient access to health professionals and adapting to their wishes or preferences: It allows patients for example to receive genetic care in their own home at a time convenient to them, thereby avoiding traveling time and costs. 4, 18 Moreover, telegenetics could allow for increased flexibility and efficiency for counselors too. Previous research has shown that perceptions and evaluations of telegenetics vary between patients and professionals: patients mainly judge telegenetics initiatives as very positive, while professionals are generally positive, but are also aware of communication and technical restrictions. 6, 7, 9, 11 We do not envisage or recommend that telegenetics replaces inperson consultations completely, but it will be important to assess in Telemedicine uptake by Genetics Professionals E Otten et al which situations both patients and professionals might use it as a good alternative or supplement to regular care. While we discussed all telegenetics modalities collectively, in some instances videoconferencing might be preferable to telephone counseling, because it allows for the use of different visual aids and assessment of, at least some, nonverbal communication, which is often considered very valuable in genetic consultation. 19, 20 However, telephone counseling has a clearly established role and seems to be effective in satisfying some patient needs, 21, 22 and moreover, can be used effectively in conjunction with in-person consultations. It is likely that different situational requirements will require different modalities. For example, certain videoconferencing modalities might be used preferentially to others; videoconferencing-only for a straightforward follow-up discussion, but specialized workstation with attached devices for detailed evaluation and physical examination. Wider discussion on the relative merits of different modalities could help clinically active professionals to plan which telemedicine modality to use and when.
Existing practical barriers, for example, lack of available facilities, money, manpower, and knowledge, are important aspects to address, when considering setting up or expanding telegenetics initiatives. The ways to overcome these barriers will differ in different settings/ countries, and influenced for example by geographical distance, economic resources at the professionals' and patients' disposal, the number and distribution of available professionals, and national regulations concerning e-health initiatives. Some obstacles might be overcome by cooperation and exchange of experiences/ knowledge between professionals. The introduction of electronic health records in many hospitals in the near future, and parallel developments in the field of hospital-ICT are likely to contribute to increased telegenetics facilitation. Moreover, the use of e-health applications in recent years is being facilitated by several European governments, research funding agencies, and health insurance companies. It will be important to ensure that privacy aspects are well covered in any of these developments. Improving the quality of telegenetics applications, and adapting to data protection requirements of hospitals and health systems will be important. According to the American Telemedicine Association core operational guidelines, a connection should for example at least be encrypted to ensure a secure exchange of sensitive patient information (http://www.americantelemed.org/docs/default-source/standards/coreoperational-guidelines-for-telehealth-services.pdf?sfvrsn = 6). Practical experiences by both patients and professionals will clarify and further solve the privacy issues encountered in telegenetics.
A substantial proportion of our respondents were interested to improve their knowledge on telegenetics, suggesting that they are considering or willing to integrate this other way of working in their practice, but need help in achieving it. The importance of gaining more widespread knowledge on telegenetics, and of increasing its prominence and integration with other regular care modalities is underlined by various examples, like positive patient evaluations of telegenetics, developments in present-day society ensuring that more and more people gain access to online resources, the scarcity of genetics professionals in many countries, and the changing context/ dynamics within clinical genetics.
To make telegenetics successful genetics professionals will need to be convinced that it can at least be considered equivalent to in-person consultation in some settings and thus part of 'good care', besides being adequately supported in different ways. Only then they will be inclined to implement it in daily practice. [23] [24] [25] We consider that the time has come to integrate telegenetics into patient care more routinely, thereby maintaining quality of care and effectiveness, increasing efficiency, and respecting the importance of patient centeredness. This survey, as well as the educational satellite meetings on telegenetics we organized during the 2013 and 2014 ESHG conferences in Paris and Milan respectively, are the first steps we took in this respect. We have set up an online telegenetics discussion group on the platform LinkedIn, which currently has 20 members from in and outside Europe (requests for membership to corresponding author). Moreover, it would be valuable to involve both professionals and patients in establishing and expanding telegenetics initiatives and in establishing practical guidelines. In the United States, these have been developed for various medical disciplines by the American Telemedicine Association (http://www.americantelemed.org/resources/standards/atastandards-guidelines), but in Europe this relevant information has, to the best of our knowledge, not been compiled yet.
To conclude, telegenetics use in Europe seems to be limited in clinical genetics practice so far, with several practical, and possibly also psychological, barriers contributing to this. In our opinion, expanding the use of telegenetics is needed in the light of current developments in genetics and today's society, and there is interest in expansion and sharing of knowledge about telegenetics between genetics professionals at an international level. Establishing a European Working Group on telegenetics and developing guidelines could be the next steps for creating optimal conditions for a wider application of telegenetics facilities and for improving its quality.
